Introduction {#s1}
============

The normal response of the pupils to light stimulation is an equal constriction of both pupils, the direct and consensual light reflexes. If the stimulation light is moved quickly from one eye to the other, both pupils hold their level of constriction, but in patients with a relative afferent pupillary defect (RAPD), both pupils dilate when the light is moved from the good to the affected eye. This RAPD is caused by an imbalance in the neural output from the two eyes,^[@i2164-2591-5-2-18-b01]^ and it can be detected by swinging a flashlight quickly between the unaffected to the affected eyes. Detecting RAPD is important because its presence is a sign of a lesion in the retina or the optic nerve. However, the detection of the pupillary changes is made by the clinician, which is difficult when the pupils are small or when the findings are varied.

To overcome this qualitative method, a method was developed that consisted of attenuating the intensity of the light stimulus to the normal eye by neutral density (ND) filters until the pupillary dilation is not present when the stimulus light is switched to the affected eye. However, this method still requires a subjective evaluation by the clinician.^[@i2164-2591-5-2-18-b02]^

The RAPDx^®^ pupillometer (Konan Medical USA, Inc., Irvine, CA) that can determine the presence and quantify the degree of RAPD objectively was developed. This instrument records the time course of the pupillary responses of the two eyes that is elicited by alternating the light stimulus between the two eyes. The software embedded in the RAPDx^®^ pupillometer can determine the amplitude and latency scores from the pupillary constriction after stimulating the unaffected eye and after stimulating the affected eye. The software uses the scores to determine whether RAPD is present. Unstable data, e.g., blinking and fixation loss, prompts the RAPDx^®^ pupillometer to retest the responses automatically, and only artifact-free data are analyzed. The instrument can be used after a dark-adaptation period of only 1 minute,^[@i2164-2591-5-2-18-b03]^ whereas a dark-adaptation of up to 15 minutes is necessary when examining the conventional light reflexes. Thus, the RAPDx^®^ pupillometer has become a useful clinical instrument.

In our previous study, we found that the data obtained by the RAPDx^®^ pupillometer were valid, reproducible, and reliable.^[@i2164-2591-5-2-18-b03]^ This instrument has been used to determine whether RAPD was present in patients with glaucoma,^[@i2164-2591-5-2-18-b04]--[@i2164-2591-5-2-18-b09]^ amblyopia,^[@i2164-2591-5-2-18-b10]^ and optic nerve diseases.^[@i2164-2591-5-2-18-b11]^ However, there have not been any studies determining the standard values of the amplitude and latency scores of the RAPDx^®^ pupillometer in healthy eyes.

Thus, the purpose of this study was to determine the effects of age and sex on the amplitude and latency scores recorded by the RAPDx^®^ pupillometer. Another purpose of this study was to determine the standard values that can be used to diagnose the presence of RAPD.

Methods {#s2}
=======

Subjects {#s2a}
--------

This was a cross-sectional study conducted on 84 healthy subjects (52 males and 32 females) who had no ophthalmic diseases other than refractive errors. The subjects ranged in age from 20 to 53 years with a mean of 32 years. There were 37 subjects who were 20 to 29 years old, 33 subjects who were 30 to 39 years old, and 14 subjects who were 40 to 53 years old.

The procedures used in this study were approved by the Institutional Review Board of Kitasato University (approval number B15-35), and they conformed to the tenets of the Declaration of Helsinki. A written informed consent was obtained from each of the volunteers after an explanation of the purpose, risks, potential discomfort, and steps of the study.

Study {#s2b}
-----

After 5 minutes of dark-adaptation, the pupillary responses of both eyes were recorded with the RAPDx^®^ pupillometer under the following conditions^[@i2164-2591-5-2-18-b05]^: background illuminance of 0.5 lx, field of view of 30 degrees, white stimulus illuminance of 30.9 lx, stimulus duration of 0.2 seconds, stimulation interval of 2.1 seconds, and number of stimuli summated 18. Recordings were made during the stimulation of the right and left eyes.

For the 18 stimuli, the first two were excluded and the remaining 16 stimuli were summated. The relative amplitude of the pupillary constriction was defined as the ratio of the maximum constricted pupil size divided by the resting pupil size, e.g., a 5 -mm pupil contracting to 4 mm had a relative amplitude change of 4/5 or 0.2. The latency was defined as the interval between the beginning of the stimulus to the detection of a significant pupillary constriction^[@i2164-2591-5-2-18-b05]^ ([Fig. 1](#i2164-2591-5-2-18-f01){ref-type="fig"}).

![Definitions of amplitude (%) and latency (msec). *Solid line*: direct light reflex of the eye. *Dotted line*: indirect light reflex of the eye. (A) Amplitude. (B) Latency.](i2164-2591-5-2-18-f01){#i2164-2591-5-2-18-f01}

The amplitude score was calculated as 10 × log~10~ (amplitude of left eye/amplitude of right eye), and the latency score as 10 × log~10~ (latency of left eye/latency of right eye) automatically by RAPDx^®^ pupillometer. The values obtained by these formulae were defined as the "measured values." Positive RAPD values indicated the presence of RAPD of the right eye, and negative RAPD values indicated the presence of RAPD of the left eye. For example, if the amplitude of right eye was 0.3 and the amplitude of left eye was 0.2, the amplitude score was 1.76, and a diagnosis of RAPD of the left eye would be made. The measured values are displayed automatically ([Fig. 2](#i2164-2591-5-2-18-f02){ref-type="fig"}). The "absolute value" is the absolute value of the "measured values," and it is used to evaluate magnitude of the RAPD. Both the measured and absolute values were analyzed.

![Results of amplitude scores and latency scores. An amplitude score of 0.07 log units indicates that a RAPD is present in the left eye. A latency score of 0.10 log units indicates that RAPD is present in the left eye.](i2164-2591-5-2-18-f02){#i2164-2591-5-2-18-f02}

Statistical Analyses {#s2c}
--------------------

We confirmed that the amplitude and the latency scores were normally distributed by Chi-square tests. The measured and absolute values were compared between the sexes and among the age groups. In the comparison between the sexes, the measured values were analyzed using *t* tests, and the absolute values using the Mann-Whitney test. In the comparisons among the age groups, the measured values were analyzed using analysis of variance, and the absolute values using the Kruskal-Wallis test. In addition, the correlation of RAPD scores with age was determined by the Pearson product-moment correlation coefficients. As the standard values, 90%, 95%, and 99% prediction intervals were determined from the measured values: the average values and the upper and lower limits. A *P* value of \< 0.05 was considered statistically significant. Statistical analysis was performed using commercially available statistical software (SPSS, version 19.0; IBM Corporation, Armonk, NY).

Results {#s3}
=======

The amplitude score (*P* \> .05; [Fig. 3a](#i2164-2591-5-2-18-f03){ref-type="fig"}) and the latency score (*P* \> .05; [Fig. 3b](#i2164-2591-5-2-18-f03){ref-type="fig"}) were normally distributed. The measured and absolute amplitude scores and latency scores are shown in [Tables 1](#i2164-2591-5-2-18-t01){ref-type="table"} and [2](#i2164-2591-5-2-18-t02){ref-type="table"}. None of the measured or absolute values for the males differed significantly from that of females (*P* \> 0.05), and neither the absolute amplitude score nor the latency score was significantly correlated with the age (*P* \> 0.05; [Fig. 4](#i2164-2591-5-2-18-f04){ref-type="fig"}). The mean measured value (90%, 95%, 99% prediction interval) of the amplitude score in all subjects was 0.02 (−0.26 to 0.30, −0.32 to 0.35, −0.42 to 0.46, respectively), and that of the latency score was −0.02 (−0.24 to 0.20, −0.28 to 0.25, −0.37 to 0.33).

![Histogram of amplitude scores and latency scores. (a) Amplitude scores. (b) Latency scores.](i2164-2591-5-2-18-f03){#i2164-2591-5-2-18-f03}

###### 

Comparison of Sex with Regard to Amplitude Score and Latency Score

![](i2164-2591-5-2-18-t01)

###### 

Comparison of Age Groups with Regard to Amplitude Score and Latency Score

![](i2164-2591-5-2-18-t02)

![Correlation between amplitude score, latency score, and age. The absolute values of the amplitude score and the absolute values of the latency score are not significantly correlated with age (*P =* 0.21 and *P* = 0.54, respectively).](i2164-2591-5-2-18-f04){#i2164-2591-5-2-18-f04}

Discussion {#s4}
==========

Our results using the RAPDx^®^ pupillometer showed that the measured and absolute amplitude and latency scores of males did not differ significantly from that of females. In addition, these values were also not significantly different among the different age groups. In addition, the absolute values of these parameters were not significantly correlated with age.

This absence of significant differences is because the measurements with the RAPDx^®^ pupillometer was always carried out under the same conditions for both eyes, and both the amplitude and latency scores were ratios of the left to the right eye scores. Therefore, the amplitude and latency scores should not be affected by the sex or age. These findings indicated that both the amplitude and latency scores can be used easily.

The average of the measured values of both parameters was 0.02 log units, and the 95% prediction interval was approximately −0.3 to 0.3 log units. Kawasaki et al.^[@i2164-2591-5-2-18-b12],[@i2164-2591-5-2-18-b13]^ introduced a method for quantifying the presence of a RAPD using ND filters. However, there were large variations in the confidence intervals of \> 0.5 log units even in normal subjects, and a RAPD of 0.3 log units could be present in normal eyes.

The RAPDx^®^ pupillometer is different from the subjective method of neutralizing the differences in the pupillary constriction by ND filters in that it quantitatively evaluates the differences in the degree of pupillary constriction of the two eyes. However, both methods are based on the degree of light-induced constriction, so it may be that the amplitude and latency scores should have some variability. When we evaluated the reproducibility of the results in healthy subjects,^[@i2164-2591-5-2-18-b03]^ the amplitude scores and latency scores of the pupillary responses recorded with the RAPDx^®^ pupillometer had a variability of approximately 0.3 log units.

The mean and median values of the absolute values for the amplitude and latency scores of RAPDx^®^ pupillometer in healthy eyes have been reported by Chang et al.^[@i2164-2591-5-2-18-b04]^ and Tatham et al.,^[@i2164-2591-5-2-18-b08]^ and our values are comparable with their scores. Thus in healthy subjects, both parameters have a range of approximately 0.3 log units as was the case with the ND filter method, i.e., a RAPD of approximately 0.3 log units can be present in healthy subjects.

In healthy subjects with the 90% prediction interval that excludes the 5% at both ends of the distribution, the amplitude score was −0.26 to 0.30 and the latency score was −0.24 to 0.20 for normal eyes. If both parameters are within this range, RAPD does not exist. Considering the 99% prediction interval that excludes 0.5% of the eyes at both ends of the distribution, the amplitude score was −0.42 to 0.46 and the latency score was −0.37 to 0.33. If both parameters are outside these ranges, RAPD exists.

In conclusion, our study determined the standard values for detecting RAPD using the RAPDx^®^ pupillometer that can be used in the clinic. RAPD is not present when the absolute values of both the amplitude and latency scores are ≤ 0.2 log units, and RAPD is present when the absolute values are ≥ 0.5 log units.
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